The observed multi-band spectra of five quasars with measured black hole masses are fitted by the general relativistic accretion disk-corona model. The peaks of the spectra of the accretion disks surrounding massive black holes in quasars are in the far-UV or soft X-ray band, which are usually not observed. However, in the disk corona model, the soft photons from the disk are Comptonized to high energy in the hot corona, and the hard X-ray spectra (luminosity and spectral shape) contain the information of the incident spectra from the disk. The values of black hole spin parameter a are inferred from the spectral fitting, which spread over a large range, ∼ −0.94 to 0.998. We find that the inclination angles and mass accretion rates are well determined by the spectral fitting, while the results are sensitive to the accuracy of black hole mass estimates. In the accretion disk corona scenario, a fraction of power dissipated in the disk is transported into the corona, and therefore the accretion disk is thinner than a bare disk for the same mass accretion rate, because the radiation pressure in the disk is reduced. We find that the thin disk approximation, H/R 0.1, is valid even ifṁ ∼ 0.5, provided a half of the dissipated power is radiated in the corona above the disk.
Introduction
It is believed that black holes reside in X-ray binaries and active galactic nuclei (AGN) with typical masses ∼ 10M ⊙ and 10 6 − 10 9 M ⊙ respectively (Kormendy & Richstone 1995; Ferrarese & Merritt 2000; Remillard & McClintock 2006; Hopkins et al. 2008; Alexander & Hickox 2012) . Massive black holes may grow up through gas accretion or/and mergers, which is also related with the galaxy evolution (e.g., Moderski & Sikora 1996; Marconi et al. 2004; Volonteri et al. 2005; Berti & Volonteri 2008; Dotti et al. 2013) . The structure and radiation of accretion disks surrounding black holes have been extensively studied in the last several decades (Shakura & Sunyaev 1973; Frank et al. 1992; Merloni 2004) . Relativistic jets have been observed in some X-ray binaries and AGNs, which is thought to be related to accretion disks or/and spinning black holes (Blandford & Znajek 1977; Blandford & Payne 1982) .
A black hole can be described by two quantities: the mass M and the dimensionless spin parameter a = cJ/GM 2 , where J is the angular momentum of the black hole. In the last decade, great progresses have been achieved on the mass measurement of black holes in either active or nonactive galaxies. The black hole mass in nearby galaxies can be estimated with the correlations between black hole mass and the stellar velocity dispersion or bulge luminosity of the host galaxy (Kormendy & Richstone 1995; Ferrarese & Merritt 2000; McConnell et al. 2011) . For active galaxies, the size of the broad-line region (BLR) is measured with reverberation mapping method, and the black hole mass can be estimated with the broad-line width assuming the motion of BLR clouds to be virialized (Kaspi et al. 2000) . There is a tight correlation between the BLR size and the optical continuum luminosity, which is widely used to estimate masses of black holes in AGNs, or called as single epoch reverberation mapping method (e.g., Kaspi et al. 2000; Woo & Urry 2002; Shen et al. 2011; Tang et al. 2012) .
Compared with the mass estimates, the measurements of the black hole spins are still far from satisfactory, though great efforts have been devoted on this issue. The observed broad Fe Kα emission lines provide a way to estimate the black hole spin parameters, which is applicable for black holes in both galactic X-ray binaries and AGNs. The observed broad Fe Kα emission lines are believed to be emitted from the inner regions of the accretion disks. The radii of the innermost stable circular orbits (ISCO) of the gas in the accretion disks can be inferred from the observed asymmetric Fe kα line profiles (Martocchia et al. 2002; Miller et al. 2002; Miniutti et al. 2004; Brenneman & Reynolds 2006; Lohfink et al. 2012) , and the spin a can be determined with the radii of the ISCO (Barr et al. 1985; Reynolds & Nowak 2003; Remillard & McClintock 2006) . The application of this method requires high quality X-ray spectroscopic data, and a few black hole spins in nearby Seyfert galaxies have been measured in this way (Goosmann et al. 2006; Brenneman & Reynolds 2006; de La Calle Pérez et al. 2010; Patrick et al. 2011; Lohfink et al. 2012 ).
The black hole spin parameters in some X-ray binaries were measured by fitting the observed continuum spectra with general relativistic accretion disk models (Zhang et al. 1997; Shafee et al. 2006; Steiner et al. 2009; Gou et al. 2011; McClintock et al. 2011) . In principle, this method can be used to constrain the black hole spins for AGNs. In some early works, the accretion disk models were used to fit the observed multi-band spectra of quasars (e.g., Bechtold et al. 1987; Sun & Malkan 1989) , in which the general relativistic effects have been taken into account (Cunningham 1975; Laor 1991) . Czerny et al. (2011) estimated the black hole spin to be a = 0.3 fitting the broad band (IR/optical/UV) continuum spectrum of the quasar SDSS J094533.99+100950.1. It was found that the model fitting suffers from the degeneracy of the disk parameters, namely, the black hole mass M, the spin a, and the mass accretion rateṀ . At the time before the invention of the black hole mass measurements used nowadays, the derived disk parameters with the spectral fittings are quite uncertain. It is possible to constrain the the spins of the massive black holes in AGNs, when the black hole masses are measured. The degeneracy of the parameters in accretion disk spectral fittings can be eliminated if the peak frequency and luminosity of the accretion disk are well observed. However, the application of this method in AGNs meets a major difficulty, i.e., the spectral peaks of accretion disks surrounding massive black holes with ∼ 10 8 M ⊙ are in the far-UV or soft X-ray band, which are unobservable for most AGNs.
The observed ultraviolet (UV)/optical emission of AGNs is thought to be a thermal emission from the optically thick accretion flows (Shields 1978; Malkan & Sargent 1982; Sun & Malkan 1989) , while they are too cold to reproduce the observed power-law hard Xray spectra of AGNs. The hard X-ray spectra of AGNs most likely originate from the inverse Compton process in which soft photons from the disks are scattered by the hot electrons in the coronas (Galeev et al. 1979; Haardt & Maraschi 1991; Di Matteo 1998) . According to this disk-corona scenario, most gravitational energy is generated in the cold disk, while a fraction of it is carried into the corona likely by the magnetic loops in the disk (Di Matteo 1998; Liu et al. 2002; Cao 2009 ). Cao (2009) calculated the structure and spectrum of a geometrically thin accretion disk with a corona in AGNs, in which the corona is assumed to be powered by the reconnection of the magnetic loops originating from the cold accretion disk due to buoyancy instability. It is found that both the hard X-ray bolometric correction factor L bol /L X,2−10keV and the hard X-ray spectral index increase with the Eddington ratio, which are qualitatively consistent with the observations (e.g., Wang et al. 2004; Shemmer et al. 2006; Vasudevan & Fabian 2007; Fanali et al. 2013) . This model was expanded in the general relativistic frame for a spinning Kerr black hole by You et al. (2012) , in which the spectra of such a accretion disk-corona are recalculated taking into account general relativistic effect with the relativistic ray-tracing method.
As discussed above, the peaks of the spectra of the accretion disks surrounding massive black holes in AGNs are usually not observed (but also see Yuan et al. 2010 , for the case of a relative small black hole in a narrow-line quasar). However, a portion of the soft photons originating from the disk undergoing Comptonization in the hot corona, and the scattered photons are dominantly in the hard X-ray band. This implies that the observed hard X-ray spectra (luminosity and spectral shape) contain the information of the incident spectra from the cold disk. It seems possible to constrain the values of black hole spin parameter a in AGNs with a general relativistic accretion disk corona model, even if the spectral peaks of the accretion disks are not observed.
In this paper, we use the general relativistic model of an accretion disk-corona surrounding a spinning black hole to fit the observed multi-band spectra of AGNs with measured black hole masses. The black hole spinning parameter a are tentatively derived for a small sample of AGNs. We briefly summarize the accretion disk-corona model used for AGN spectral fitting in Section 2. The results and discussion are in Sections 3 and 4. Throughout this paper, a cosmology with H 0 = 70km s −1 Mpc −1 , Ω m = 0.3 and Ω Λ = 0.7 is adopted.
Model
In this work, we adopt the Kerr black hole accretion disk-corona model developed by You et al. (2012) . All the general relativistic effects are properly considered in both the calculations of the structure and emergent spectra of the accretion disks. We briefly summarize the model in the next two sub-sections (see You et al. 2012 , for the details).
Structure of an accretion disk with corona
In the accretion disk corona model, most gravitational energy of the gas is dissipated in the cold disk, and a portion of it is carried into the corona by the magnetic loops. The particles in the corona are heated by the re-connection of the loops in the corona (Di Matteo 1998) . The electrons in the corona are hot, and the observed hard X-ray spectra mostly originate from the inverse Compton process in which soft photons from the thermal radiation of the cold disk are scattered to high energy by the hot electrons (e.g., Galeev et al. 1979; Haardt & Maraschi 1991; Svensson & Zdziarski 1994 ).
The gravitational power of the gas generated in the cold accretion disk surrounding a spining black hole is
where L, B, C are the general relativistic correction factors (Novikov & Thorne 1973; Page & Thorne 1974) , andṀ is the mass accretion rate of the disk.
The fraction of the dissipated power transported to the corona can be estimated provided the strength of the magnetic field is known. The magnetic pressure of the disk is usually assumed to scale with the gas or/and radiation pressure of the disk depending on the different magnetic stresses adopted (Sakimoto & Coroniti 1981; Stella & Rosner 1984; Taam & Lin 1984; Cao 2009; Hirose et al. 2009 ). The detailed physics of the field generation is still quite unclear, though the different magnetic stressed are tested against the observations in AGNs in the previous works Cao 2009; You et al. 2012) . For simplicity, the ratio f of the dissipated power in the corona to that in the disk is taken as a parameter in our model calculations,
which will be determined by the comparison with the observed spectra.
A portion of the soft photons from the disk undergo inverse Comptonization to high energy in the corona, which correspondingly cools the electrons in the corona. About half of the scattered photons are intercepted by the disk, some of which are reflected and the rest heats the disk and re-radiate as blackbody radiation (Zdziarski et al. 1999) . Therefore the energy equation for the cold disk is
where the reflection albedo ε = 0.15 is adopted in all our calculations (Zdziarski et al. 1999) , τ = τ es + τ ff is the optical depth in the vertical direction of the disk, and T d and T s are the temperature in the mid-plane of the disk and the temperature of the gas at the disk surface respectively.
Emergent spectrum of the accretion disk with corona
It is well known that most of the radiation of the disk comes from the inner region of the disk (Shakura & Sunyaev 1973) . The spectrum of an accretion disk-corona for a spinning black hole is influenced by the relativistic effects, i.e., the frame dragging, gravitational redshift, and photon trajectory bending, due to the strong gravity field of the black hole (Zhang et al. 1985; Laor & Netzer 1989; Laor 1991; Li et al. 2005 Li et al. , 2009 You et al. 2012) , especially for the emission from the region near the black hole. The ray-tracing method is widely adopted in this kind of spectral calculations (Laor & Netzer 1989; Laor 1991; Zhang et al. 1997; Li et al. 2005; You et al. 2012) . Considering the complexity of the radiation transfer of Comptonized photons in the geometrically thick corona, You et al. (2012) calculated the emergent Comptonized spectrum from the corona by dividing layers in the corona with the ray-tracing method. In this work, we follow the same routine of You et al. (2012) to calculate the spectrum of an accretion disk-corona for a rotating black hole, in which all the general relativistic effects are taken into account (see Section 3.4 in You et al. 2012 , for the details)
The radiation from geometrically thin, optically thick accretion disk is anisotropic, and the specific intensity of the disk emission, I µ ∝ (1 + 2µ), in the co-moving frame of the disk, where µ = cos θ (θ is the angle between the line of sight and the normal of the disk Chandrasekhar 1960; Sunyaev & Titarchuk 1985; Liu & Zhang 2011) .
UV/soft X-ray photons are emitted from the inner region of the accretion disk, where a hot plasma layer is present above the disk surface caused by the illumination of the external hard X-ray emission from the corona. The electron scattering opacity dominates over absorption in this hot layer, and the emergent spectrum of the disk departures from the black body emission due to radiative transfer. Hubeny et al. (2001) calculated the vertical structure and emergent spectra of the disks with a hot plasma layer by including a selfconsistent treatment of Compton scattering. Chiang (2002) found that the derived emergent spectrum could be well reproduced by blackbody emission with a higher color temperature,
where the values of f ∞ , ν b , ν p and ∆ν are given in their work. The local spectrum emitted from the disk can be calculated with
where I ν is the local blackbody emission.
As described in Section 2.1, the structure of the accretion disk-corona can be calculated when the values of the black hole mass M, the dimensionless spin a, the mass accretion ratė m, and the ratio f of the dissipated power in the corona to that in the disk, are specified. With the derived structure of the accretion disk, we use the ray tracing method to calculate the emergent spectrum of the disk corona system observed in infinity at a viewing angle θ.
Results
Using the accretion disk model described in Section 2, we fit the observed multi-band spectral energy distributions (SEDs) of AGNs. Shang et al. (2011) compiled the SEDs of a sample of optically bright type I, non-blazar quasars covering radio, optical and X-ray wavebands. The peak of so-called "Big Blue Bump" (BBB) at ∼ 10 15 − 10 16 Hz and a power-law hard X-ray spectrum are the typical features of the spectrum of an accretion disk with corona (e.g., Cao 2009; You et al. 2012) . As discussed in Section 1, the peaks of the BBBs are beyond the waveband coverage of the instruments for most AGNs due to their massive black holes. However, the left tail of the BBBs can be observed in infared/optical/UV wavebands, which provide useful information of the BBBs (e.g., Calderone et al. 2013 ).
We carefully choose the quasars in the sample of 85 sources given by Shang et al. (2011) , of which the SEDs exhibit obvious feature of the BBB with measured black hole masses and good X-ray measurements. In the parallel plane homogeneous corona model, about half Xray photons radiated from the corona are reprocessed in the cold disk, and a small fraction of the soft photons from the disk is Compton scattered by the electrons in the corona, which cool the corona and always lead to rather soft X-ray spectra with Γ 2 in hard X-ray wavebands (see Cao 2009 , for the detailed discussion). The detailed physics for the origin of the X-ray spectra with Γ < 2 in some quasars is still unclear. It was suggested that, the harder Xray spectra may be produced in the patchy corona (Haardt et al. 1994) , or the hot corona is assumed to move away at a mild relativistic velocity that reduces both the reprocessing in the disk and leads to harder X-ray spectrum (Beloborodov 1999) . It was found that the photon index Γ is tightly correlated with Eddington ratio for AGNs, and Γ ∼ 1 for the sources with Eddington ratio ∼ 0.01 Shemmer et al. 2006 ). This correlation cannot be explained by the above mentioned two scenarios. Cao (2009) suggested that the diskcorona system may transit to an advection dominated accretion flow(ADAF)+disc corona system in those AGNs accreting at low rates, as ADAFs are always hotter than coronas above the disks (Narayan & Yi 1994) . Therefore, we only consider the quasars with hard X-ray photon index Γ 2 in this work, which leads to 31 quasars. Our preliminarily fitting their spectra show that some of them have a sharp drop in the far-UV waveband possibly due to heavy intrinsic reddening (for example, 4C 41.21), and the SEDs of some quasars obviously departure from the disk model. We finally obtain 5 quasars (three radio-loud and two radio quiet) for our present investigation. The SED data are summarized in Tables 1  and 2 . The quasars in Shang et al. (2011) are all non-blazars, since those blazars have been excluded from the sample based on rapid optical variability due to synchrotron emission from a beamed jet. No optically violent variability has been observed in the three radio loud quasars included in this work, which means that the continuum emission in these sources has not been contaminated by the beamed emission from the jets.
The black hole masses M of these five quasars are given in Tang et al. (2012) , which are estimated with the broad-line width and the scaling relationships (Vestergaard & Peterson 2006; Vestergaard & Osmer 2009 ). The infrared emission from these quasars may probably be dominated by the radiation from the dust tori, while the origin of the soft X-ray excess observed in AGNs is still controversial (see, e.g., Done et al. 2012 , and the references therein). Therefore, the infrared and soft X-ray spectral data are not used in our model fitting on the SEDs.
We use the general relativistic accretion disk corona model to fit the observed optical/UV spectra and the hard X-ray continuum spectra in 2 − 10 keV. There are four free parameters in our model calculations, i.e., the mass accretion rateṁ, the spin parameter a, the power fraction f dissipated in the corona, and the viewing angle θ with respect to disk axis. In the model fitting, we find that the fraction f is mainly determined by the X-ray spectral index, which is almost independent of the values of other parameters. For the broad-line type I quasars, the values of the inclination angle are tuned in the range of θ 45
• .
We plot the model fitting results of the five quasars in Figures 1-5 . In the optical/UV wavebands, only the spectral data in the line-free spectral regions are used in our model fitting to avoid the contamination by emission lines, as done in Zheng et al. (1997) and Vanden Berk et al. (2001) . In this work, the measured hard X-ray luminosity and the spectral index are used for our model fittings. In the model fitting, the errors of the fitting in the hard X-ray band (both the luminosity and spectral index) are minimized by tuning the model parameters, meanwhile the observed optical/UV spectrum is taken as upper limits.
The best fitting results of the disk corona parameters are listed in Table 3 . The fitting error χ 2 is calculated in the parameter plane, and the uncertainties on the fitted parameters correspond to 90% confidence level. The 2D confidence contours of a andṁ for PG 1322+659 with the measured black hole mass M and fraction f are plotted in Figure 6 . We find that, the value of black hole spin parameter is constrained in a narrow range −1.0 < a < −0.8 with best fitted value a = −0.94. The best fitted accretion rateṁ ≃ 0.4, and the inclination angle of the disk θ ≃ 25
• . We know that uncertainties of the black hole spin constraints are closely related to the errors of the black hole mass estimates. In Figure 7 , we plot the fitting results for PG 1322+659 with the different values of M reported in the literature, and find that the constraints on the black hole spin parameter a are sensitive to the black hole mass estimate (see Table 4 ). In Figure 8 , we plot the fitting results for PG 1322+659 with a small shift ∆ log L X on the observed X-ray luminosity to assess how the black hole spin a is affected by X-ray variability (see Table 4 ).
We fit the emission line properties of PG 1322+659 by subtracting the best model fitting continuum in Figure 9 , to compare with the typical broad line region spectrum. The derived EW and FWHM for Mg ii, Hβ, and Hγ are consistent with those of the typical BLR spectrum given in Shen et al. (2011) . In Figure 10 , we plot the relative disk thickness H d /R varying with the mass accretion rateṁ. It is found that the thin disk approximation H d /R 0.1 is always satisfied even if the mass accretion rateṁ is as high as ∼ 0.5 for a typical value of f ∼ 0.5.
Discussion
The main features of quasar SED with a big blue bump in optical/UV wavebands and a power-law hard X-ray continuum spectrum can be reproduced by the accretion disk corona model (Galeev et al. 1979; Haardt & Maraschi 1991) . You et al. (2012) developed a general relativistic model for an accretion disk corona surrounding a Kerr black hole. The emergent spectrum of the disk corona observed at infinity can be calculated when the values of the disk parameters are specified. In this work, we try to fit the observed SEDs of quasars with the general relativistic accretion disk corona model, in which the values of the disk parameters for five quasars, especially the black hole spin parameter a, are derived. The black hole masses of these quasars are estimated with single epoch reverberation mapping method (see Tang et al. 2012 , for the details).
The red tail of the BBB in optical wavebands is mostly emitted from the outer region of the accretion disk, which can be used to constrain the mass accretion rateṁ almost independent of the black hole spin parameter a if the black hole mass M and the inclination angle θ are known (see Davis & Laor 2011) . In our accretion disk corona model, the mass accretion rateṁ can be inferred similar to their work. The peaks of the BBBs in most quasars are in the far-UV/soft X-ray wavebands, which are usually unobserved. This is sensitive to the black hole spin a, which is the main obstacle for measuring the spin parameters a of massive black holes with the spectral fitting method. In the accretion disk corona model considered in this work, the photons emitted from the disk, including the unobserved far-UV/soft X-ray photons are inverse Compton scattered in the hot corona, and the hard X-ray spectra (luminosity and spectral shape) contain the information of the incident spectra from the cold disk.
The fraction f of the power dissipated in the corona to the total power is a key parameter in the accretion disk-corona model. The detailed physical processes for the energy transported from the disk to the corona were explored by many different authors (e.g., Di Matteo 1998; Meyer et al. 2000; Liu et al. 2002; Wang et al. 2004; Cao 2009 ). It is found that both the hard X-ray spectral index and the hard X-ray bolometric correction factor L bol /L X,2−10keV are correlated with the Eddington ratio (e.g., Wang et al. 2004; Shemmer et al. 2006; Vasudevan & Fabian 2007; Fanali et al. 2013) , which can be reproduced roughly by the accretion disk corona model on the assumption that the corona is heated by the reconnection of the magnetic fields generated by buoyancy instability in the cold accretion disk Cao (2009) . However, the precise value of f is still undetermined in the theoretical model calculations. In this work, we adopt the fraction f as a free parameter in the spectral fittings.
In the spectral fitting of a quasar SED with measured black hole mass, the value of f is dominantly determined by the hard X-ray photon index Γ, which is almost insensitive to all other model parameters (Cao 2009; You et al. 2012) . With the derived value of f from Γ, the mass accretion rateṁ and the inclination angle θ are constrained with the luminosity and spectral shape in optical waveband (the red tail of the BBB). These two parameters are almost independent of the black hole spin parameter a, because the emission in this waveband is dominantly from the outer region of the disk (Davis & Laor 2011) . Finally, the black hole spin parameter a is constrained mainly with the observed hard X-ray luminosity.
In Figures 1-5 , we plot the fitting results of five quasars. The values of black hole spin parameter a are well constrained with small uncertainties, which are in the range of ∼ −0.94 to 0.998 (see Table 3 ). The estimated accretion rate is moderate, approximately 0.4 except OS 562 withṁ ≃ 0.5, and these quasars are possibly viewed with small inclination angles < 45
• , which support the classification of the sources as type 1 quasars. The fractions f of the power radiated in the corona to the total dissipated power in the disk are ∼ 0.3 − 0.6 (see Table 3 ).
In the model fitting on the SEDs of these sources in this work, the electron temperatures of the coronas are in the range of 100 − 300 keV, which are roughly consistent with the previous works (e.g., Zdziarski et al. 1996; Liu et al. 2002) . The corresponding cutoff energy of the X-ray spectra is around several hundred keV (see You et al. 2012) . No direct observations in this energy band are available for these five sources. The cutoff energy in the power law X-ray spectra is observed only in a small fraction of AGNs, which is typically in the range of 30 − 300 keV (Molina et al. 2013) . This is consistent with our results.
We calculate the fitting error in theṁ − a plane, and plot 2D confidence contours in Figure 6 , in which the uncertainties of the fitted parameters are given by 90% confidence levels. We find that the black hole spin a is indeed well constrained at fairly good accuracy if the black hole mass is accurately measured.
The observed hard X-ray spectra may be affected by the reflection components. However, there are observational evidences that the reflection components are absent in many bright quasars (high luminosities) (Nandra et al. 1997; Page et al. 2005; Gilli et al. 2007 ).
The XMM-Newton observations of a sample of high redshift quasars show that the hard Xray spectra (> 10 keV in the rest frame of the sources) can be well fitted for each source by a simple power law, and no Compton reflection humps are present (Page et al. 2005) . The five sources in this work are all luminous quasars withṁ 0.3, and therefore we believe that their hard X-ray continuum spectra may probably not be contaminated by the reflection components. Further high quality X-ray observations on these sources may help resolve this issue.
Another uncertainty of the black hole spin constraints is caused by the errors of the black hole mass estimates, because the constraints on the spin parameter a is sensitive to the black hole mass (see Table 1 ). The black hole spin of quasar SDSS J094533.99+100950.1 is derived by fitting its multi-band (IR/optical/UV) continuum spectrum. The black hole spin a varies from −1.0 to 0.998 if the black hole mass is taken as a free parameter, which means that the black hole mass is crucial in constraining the black hole spin a (Czerny et al. 2011) . In order to evaluate how the constraint on the spin parameter a is affected by the black hole mass, we re-fit the SED of PG 1322+659 with different values of black hole mass given in different works (see Table 4 ). For the black hole mass log M = 8.36 estimated with C iv line (Vestergaard & Peterson 2006) , the best fitting of black-hole spin appears as a = −0.75, while a = −0.94 if log M = 8.29 is adopted. For the black hole mass log M = 8.16 estimated by Kawakatu et al. (2007) , no satisfactory model fitting is available. In most previous works, the accuracy of the black hole mass estimates with single epoch reverberation mapping approach are ∼ 0.5 dex (e.g., Wu et al. 2004; Peterson et al. 2004; Vestergaard & Peterson 2006) . The black hole mass measurements are being improved by the different authors. Bentz et al. (2009) extended the reverberation scaling relationships to the lower mass end in the range ∼ 10 6 − 10 7 M ⊙ , by carrying out a 64-night spectroscopic monitoring campaign for 12 nearby (z < 0.05) Seyfert 1 galaxies in the Lick AGN Monitoring Project (LAMP). They will use a (HST) Cycle 17 program to image the host galaxies of the AGNs in the LAMP sample to eliminate the host galaxies starlight contribution to the continuum luminosity for these sources, which will improve the accuracy of black hole mass estimates. Recently, Pancoast et al. (2011) proposed a method to analyze reverberation mapping data, with which the black hole mass and the geometry and dynamics of the BLR are simultaneously estimated. The accuracy of the black hole mass estimates with this method has been significantly improved (Barth et al. 2011; Pancoast et al. 2012; Li et al. 2013) . We believe that our method reported in this work to constrain the black hole spin parameter a can be used for a large AGN sample in the future when there are sufficient AGNs with high accurate mass measurements.
In our model calculations, the hard X-ray emission of these quasars is assumed to originate predominantly from the corona above the disk, which is true for radio quiet sources.
However, it should be cautious for radio loud quasars, of which the observed hard X-ray emission may be contaminated by the beamed jet emission (e.g., Chen et al. 2012) . We find that OS 562 is a Flat Spectrum Radio Quasar (FSRQ), which is also characterized as lowspectral peaked source with the synchrotron peak frequency ν p < 10 14 Hz (Lister et al. 2009 ). The Very Long Baseline Array (VLBA) observations indicate that this source is observed with a small inclination angle with respect to the jet axis (Lister 2001) , which is consistent with the viewing angle θ = 13
• derived in our model fitting (see Table 3 ). Donato et al. (2001) analyzed the X-ray spectral of 268 blazars including BL Lacs and FSRQs, and found that the X-ray spectra of FSRQs are always hard, i.e., the average X-ray spectral index α ≃ −0.76 (Γ ≃ 1.76). The X-ray spectral index of OS 562 is −1.38, much softer than a typical FSRQ, which may imply that the X-ray emission is predominantly from the corona. This is the case also for the other two radio quasars. The radio core dominance R (defined as R = L core /L ext ) is usually taken as a radio orientation indicator (Ghisellini et al. 1993; Wills & Brotherton 1995) . The radio core dominance parameters of the other two radio loud quasars in this work are, log R = −0.658 (4C 10.06) and −2.22 (4C 39.25) (Runnoe et al. 2013) , which imply that the jets are inclined at large angles with respect to the line of sight. This is consistent with our fitting results of θ ≃ 40
• for these two sources. The beaming effects for the jets viewed at such large angles are always unimportant (e.g., Wu et al. 2013 ). This strengthens the conclusion that the beamed X-ray emission from the jets can be neglected compared with that from the coronas in these two sources.
In Figure 8 , we show that the constraint on the black hole spin a is affected by the X-ray variability. It is found that the spin parameter becomes a = −1 for ∆ log L X = −0.1, while a = −0.7 for ∆ log L X = 0.1. This implies that the sources with violent variability are not suitable for present investigation on black hole spin. Our model is applicable for steady accretion disk corona systems. For those slightly variable sources, the mean observed continuum spectrum can still be used to constrain the black hole spin parameters.
For the traditional thin accretion disk model, the mass accretion rateṁ 0.3 is required in order to satisfy the geometrically thin approximation, i.e., H d /R 0.1 (e.g., Laor & Netzer 1989; Esin et al. 1997; King 2012; Abramowicz & Fragile 2013) . We find thatṁ 0.3 is required for the model fitting in five sources in this work. Our calculations show that the situation is different for the accretion disk with corona, because a fraction of gravitational power is transported into the corona, which reduces the radiation pressure of the disk for a given mass accretion rateṁ. In Figure 10 , we find that the geometrically thin disk assumption is still valid even ifṁ ∼ 0.5 when a typical value of f = 0.5 is adopted. This implies that the thin accretion disk corona model is applicable for all quasars in this work. For more luminous quasars withṁ 0.5, a general relativistic slim accretion disk corona model is required, which will be reported in our future work.
In this work, we tentatively propose a method to constrain the black hole spin parameter a with a general relativistic accretion corona model. It is found that the black hole spin parameter a can be well constrained, if the hard X-ray continuum spectrum and the black hole mass are accurately measured. We have not studied the statistics of the black hole spin parameter a in this work, due to the small number of the quasars, which can provide useful information when a large sample of quasars with measured black hole spins a. Note. -The spectral fitting results with different black hole masses in the literatures (ID 2,3) and the variation of the X-ray luminosity (ID 4, 5) . The fitting results are plotted in Figure 7 and 8 respectively. 
